Background: Obstetric complications have predicted future development of schizophrenia in previous studies, but they are also more common in mothers with schizophrenia. The aims of this study were to compare the occurrence of obstetric complications in children of mothers with schizophrenia spectrum psychoses and control children, and to investigate whether obstetric complications predicted children's psychiatric morbidity. Method: The Helsinki High-Risk (HR) Study monitors females born between 1916 and 1948 and treated for schizophrenia spectrum disorders in Helsinki psychiatric hospitals, their offspring born between 1941 and 1977, and controls. We examined information on obstetric complications and neonatal health of 271 HR and 242 control offspring. We compared the frequency of obstetric complications and neonatal health problems in the HR group vs controls and in HR children who later developed psychotic disorders vs healthy HR children. A Cox regression model was used to assess whether problems in pregnancy or delivery predicted psychiatric morbidity within the HR group. Results: Few differences between HR and control offspring were found in obstetric complications. Within the HR group, infections (hazard rate ratio [HRR] 3.73, 95% CI 1.27-11.01), hypertension during pregnancy (HRR 4.10, 95% CI 1.15-14.58), and placental abnormalities (HRR 4.09, 95% CI 1.59-10.49) were associated with elevated risk of schizophrenia spectrum psychoses. Conclusions: Common medical problems during pregnancy were associated with increased risk of schizophrenia spectrum psychoses in offspring of mothers with schizophrenia spectrum psychoses. These results underline the role of the prenatal period in the development of schizophrenia and the importance of careful monitoring of pregnancies of mothers with psychotic disorder.
Introduction
Obstetric complications are among the most studied environmental risk factors of schizophrenia. A meta-analysis of cohort studies investigating the association of obstetric complications and schizophrenia found that pregnancy complications, abnormal fetal growth and development, and delivery complications were all associated with increased schizophrenia risk. 1 However, some of these complications may also be related to maternal behavior and characteristics. 2, 3 For example, a large register-based study found that offspring of mothers with schizophrenia had lower birth weight, but this was mediated by maternal smoking. 2 In another study, mothers whose schizophrenia had commenced after the birth of the offspring did not have increased risk of obstetric complications, whereas mothers whose illness had commenced before the birth of the offspring did, suggesting that adverse consequences of mental illness rather than eg, genetic susceptibility to obstetric adversities may explain the high risk of obstetric complications in mothers with schizophrenia. 3 On the other hand, it has been suggested that people with a high genetic risk for schizophrenia are more susceptible to the effects of obstetric complications. 4, 5 Therefore, it is of interest to investigate whether obstetric complications increase the risk of schizophrenia in offspring of mothers with schizophrenia.
The Helsinki High-Risk (HR) Study, which was initiated in the 1970s, monitors all females born between 1916 and 1948 and treated for schizophrenia spectrum disorders in Helsinki psychiatric hospitals, their offspring born between 1941 and 1977, and matched controls. 6 The Helsinki HR study has been one of the largest HR studies to be initiated in the 1960s and 1970s, and one of the few that have
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completed a full adulthood follow-up. 7 Compared with other HR studies begun before the 1980s, it benefits from systematic case ascertainment and can be considered as epidemiologically representative. The children have now been followed up for over 40 years, allowing us to examine risk factors of adult mental disorders. The register information on psychiatric disorders in adulthood has been validated by a systematic assessment of case records, with Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) diagnoses assigned for both mothers and offspring. 8 The validation of register-based diagnoses is essential in very long follow-ups, because diagnostic criteria and practices have changed over time. 9 In this study, we investigated (1) whether HR offspring who had survived the perinatal period had more obstetric complications than matched controls who had been born in the same hospital, (2) whether the frequency of obstetric complications depended on whether the mother had developed psychotic disorder before vs after the delivery, and (3) whether factors related to pregnancy and delivery predict the emergence of adult mental disorders among the HR offspring.
Methods

Identification of the Cohort
In 1974, all women born between 1916 and 1948 who had been treated for schizophrenia, schizoaffective disorder, or schizophreniform disorder in any of the psychiatric hospitals in Helsinki, Finland, up till 1974 and who had given birth in Helsinki between 1960 and 1964, were identified from the central archives of psychiatric hospital care in Helsinki. 6, 8 Of the initial 192 HR mothers, we were able to trace the case records of 161 mothers having 179 offspring born between 1960 and 1964 and alive after the neonatal period. 8 We have since then extended the study sample to cover all offspring (N = 335) of these 161 mothers who were alive in 1969, the year from which we have register-based outcome data. The hospital archives had listed births according to the date of admission to the delivery ward. The admission previous to the HR mother's that also matched the sex of the HR offspring was selected as the controls. Cases and controls were not matched for socioeconomic status. Fathers of the HR and control children were identified from the Population Register Center. Linkage to health care registers was done through use of the personal identity numbers of the HR mothers, fathers, and offspring.
Information on mental disorders was obtained from the Finnish Hospital Discharge Register, which provided data on hospital treatments from 1969 to 2001. Based on the register information, all case records from hospital and outpatient treatments were collected. Diagnostic assessments were based on DSM-IV diagnostic criteria and were similar for HR and control mothers, fathers and offspring. For people with psychotic and mood disorders, it also involved completing the Operational Criteria Checklist for Psychotic Illness 10 and the Major Symptoms of Schizophrenia Scale. 11 Based on the case records, we determined the age at onset of any psychiatric symptoms and psychotic symptoms, and the age at the first treatment contact for any mental disorder and for psychotic disorder. 8 
Obstetric Information
For both HR and control children, we collected obstetric records from public hospitals providing obstetric care in the Helsinki area: Kätilöopisto Maternity Hospital and the Women's Hospital (Naistenklinikka), which is part of the Helsinki University Central Hospital. Both hospitals are high-quality teaching hospitals, the former providing training to midwives and the latter to obstetricians. In addition, there was a small private hospital in Helsinki providing obstetric care, but we did not have access to its records. Of the original 161 HR mothers, we were able to locate obstetric records for 147 HR mothers having 271 children. The DSM-IV diagnoses of these mothers were: schizophrenia N = 87, schizoaffective disorder N = 16, schizophreniform disorder N = 3, psychotic disorder not otherwise specified (NOS) N = 18, bipolar I disorder N = 16, major depressive disorder with (N = 4) or without (N = 1) psychotic features N = 5, brief psychotic disorder N = 1, and schizotypal personality disorder N = 1. In addition, we found obstetric records for 242 control children. The number of control children was smaller than the number of HR children because we were not always able to obtain the personal identity number of the mother. Personal identity numbers were assigned to Finnish citizens in the late 1960s, and register linkages are not possible without them.
Both study hospitals used standard forms for recording information on pregnancy, delivery, and newborn health. Most of the records included copies of measurements that had been done during pregnancy, including blood pressure (BP) and albuminuria. However, since the offspring had been born between 1941 and 1977, the forms had changed in accordance with changing obstetric practices. With the help of Professor Carl Gustaf Nilsson from the Women's Hospital, we constructed forms that allowed us to retrieve information from obstetric records in a uniform manner. Records from the original cohort born between 1960 and 1964 were recoded using the same form. Raters were blind to the status of the mothers ie, to whether they belonged to the HR or control group. Table 1 lists variables that were coded from the records. The amount of missing information in different variables varied. While some variables like newborn's weight and height were recorded in almost all forms, other items, such as neurological status at discharge based on an assessment by a pediatrician, had more missing information.
Complications that were very infrequent and variables which had a lot of missing information are not included in table 1. They are reported in supplementary tables 1-4.
Statistical Methods
We compared the frequency of individual obstetric complications between HR and control children, and between HR children who did/did not develop mental disorders using the Mann-Whitney test for continuous variables and the χ 2 test or Fisher's exact test for categorical variables.
Within the HR group, we analyzed the risk of developing schizophrenia spectrum psychoses, including schizophrenia, schizoaffective disorder, delusional disorder, and psychotic disorder NOS, and other mental disorders using a multivariate Cox frailty model in which the mother's identification number, ie, having the same mother, was used as the frailty term. This type of analysis adjusts for the fact that there is within-family correlation in both genetic and environmental risk factors of schizophrenia. The control group was not included in these analyses because of the low cumulative incidence Offspring's neurological status at hospital discharge. Abnormal = any abnormality in the following tests: Moro reflex, palmar grasp reflex, alertness, muscle tone, other neurological symptoms (yes/no) a The time of the measurement-during pregnancy or at arrival at the labor and delivery unit-is mentioned in parentheses.
of mental disorders (schizophrenia 0.6%, any psychotic disorder 1.1%). 8 The explanatory variables used in the models were sex, birth weight categorized into 4 groups (<2500, 2500-2999, 3000-4000, and >4000 g), and all obstetric complications whose prevalence differed (P < .1) between HR children who later developed mental disorders and HR children who remained healthy. The inclusion of birth weight in the models was decided beforehand because both low and high birth weight have been associated with increased risk of schizophrenia both in Finnish 12, 13 and international 14 cohort and family studies. Age at the onset of schizophrenia spectrum psychosis was defined as age at the onset of psychotic symptoms, or if this was not known, as age at the onset of first treatment contact for psychotic disorder. Age at the onset of other mental disorders was defined as age at the onset of any psychiatric symptom, or if this was not known, age at the onset of first treatment contact for other mental disorders. Hospital Discharge Register information was available until December 31, 2001 , which was also the end of the follow-up period.
We used statistical software PASW Statistics 18 for the descriptive analyses. Survival analyses were performed using the R-program version 2.13.1 (R Development Core Team, 2011), using the survival package version 2.36-9.
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All statistical tests were 2-tailed, with α level set at <0.05.
Results
Study Group Characteristics
The study sample consisted of 271 HR offspring (148 males) born between 1941 and 1977 and 242 control offspring (131 males). The mean age at end of the follow-up was 40.0 (SD = 5.5) years for HR and 41.2 (SD = 4.4) years for the control offspring. Of the HR offspring, 29 (22 males) had developed a schizophrenia spectrum psychosis (schizophrenia N = 19, schizoaffective disorder N = 5, delusional disorder N = 1, and psychotic disorder NOS N = 4), whereas 34 (19 males) had developed other mental disorders in adulthood.
Obstetric Complications in HR and Control Offspring
We found few differences between HR and control offspring in obstetric variables. The only differences in maternal characteristics were that HR mothers were slightly shorter and had previous miscarriages more often than control mothers. Apgar score at 1 min was lower in HR offspring than in controls, but the prevalence of diagnosed asphyxia was higher in controls than in HR offspring (table 2) .
Of the HR mothers, 92 had all their children before developing a psychotic disorder, 32 had all their children after the onset of a psychotic disorder, and 15 had children both before and after the onset of psychotic disorder. Altogether, the mother had developed psychotic disorder after the birth of the offspring in 77% of cases.
When comparing complications in pregnancies occurring when the mother had not yet developed a psychotic disorder and in those occurring after the onset of psychotic disorder, more differences emerged. HR mothers with preexisting psychotic disorder had a higher body mass index, more often had previous abortions, more often used medication during pregnancy, and more often had infections and other maternal illnesses during pregnancy than HR mothers who developed psychotic disorder after the pregnancy. They also had shorter duration of the second stage of labor (table 3) .
Obstetric Complications in the HR Offspring Who Later Developed Mental Disorders
Mothers of HR children who later developed schizophrenia spectrum disorder had a higher prevalence of hypertension during pregnancy and more placental abnormalities than mothers of HR children who remained healthy. There was also a trend (P = .066) towards more infections during pregnancy (table 4) .
Mothers of the HR children who later developed other mental disorder had higher systolic and diastolic BP at arrival at the hospital than mothers of HR offspring who remained healthy. There was also a trend (P = .067) towards longer duration of the second stage of labor among mothers of HR offspring who later developed other mental disorders.
Obstetric Complications Predicting Later Development of Mental Disorders Among HR Offspring
The following variables were included in the Cox regression models predicting the development of schizophrenia spectrum psychoses: sex, birth weight, maternal infections during pregnancy, maternal hypertension during pregnancy, and placental abnormalities. In the model, females had lower risk than males (hazard rate ratio [HRR] 0.32, 95% CI 0.12-0.84, P = .020). Infections during pregnancy (HRR 3.73, 95% CI 1.27-11.01, P = .017), placental abnormalities (HRR 4.09, 95% CI 1.59-10.5, P = .0034), and maternal hypertension during pregnancy (HRR 4.10, 95% CI 1.15-14.59, P = .029) were all associated with an elevated risk of schizophrenia spectrum psychoses. The findings remained similar when we restricted the analysis to the offspring of mothers with DSM-IV schizophrenia spectrum psychoses: placental abnormalities (HRR 3.76, 95% CI 1.50-9.42, P = .0047), maternal infections (HRR 3.69, 95% CI 1.32-10.4, P = .013), and hypertension (HRR 4.96, 95% CI 1.48-16.6, P = .0093) predicted the development of schizophrenia spectrum disorders in the offspring, and females had lower risk than males (HRR 0.29, 95% CI 0.11-0.75, P = .011).
The following variables were included in the regression models predicting the development of other mental disorders: sex, birth weight, diastolic BP at arrival to the hospital, and duration of second stage of labor, which was categorized into the 3 groups of <10, 10-19, and ≥20 min. In the model, maternal diastolic BP (HRR 1.042 per 1 mmHg increase in maternal diastolic BP, 95% CI 1.01-1.08, P = .013) predicted the development of other mental disorders in the offspring. The finding remained similar when the analysis was restricted to offspring of mothers with schizophrenia spectrum psychosis (HRR for maternal diastolic BP 1.036, 95% CI 1.00-1.07, P = .036).
Discussion
Obstetric Complications in HR and Control Groups
We found few significant differences between HR and control mothers in maternal characteristics or in the prevalence of obstetric complications. HR mothers had more previous miscarriages, while the only significant differences in the prevalence of obstetric complications in the current pregnancy were that the 1-min Apgar score was lower in the HR offspring, but the prevalence of diagnosed asphyxia was higher in the control offspring. HR mothers were slightly but significantly shorter in height than control mothers, which probably is clinically insignificant but fits with our previous observation suggesting that genetic risk of schizophrenia is associated with shorter stature in women. 16 None of these variables were predictive of future development of schizophrenia in the HR offspring. Therefore, our results do not support the hypothesis that the increased number of obstetric complications among individuals who later develop schizophrenia is a result of maternal characteristics. 17 A previous article comparing HR offspring born between 1960 and 1964 and their matched controls from this study found more significant differences between HR and control mothers and offspring. 6 However, there is one notable difference between our on-going follow-up study and the original publication Number of cases with available information about the variable.
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from this cohort: we included in the study population only offspring who were alive as of 1969, which was the year when register-based follow-up data became available. Wrede et al. found that there were more stillbirths and neonatal deaths in the HR than the control group, and these offspring were not included in the current study. 6 The control offspring had diagnosed asphyxia more often than the HR offspring, which seems to be at odds with previous studies. 18 However, diagnosed asphyxia was rare both in HR and control offspring, and the prevalence observed in the control group, 4.8%, is quite similar to that observed in a large Finnish general population sample from the 1980s. 19 In contrast, the previous study by Dalman et al. defined asphyxia based on an Apgar score below 7. 18 Overall, the median Apgar score was slightly lower in the HR than the control offspring, which fits with previous findings. 2, 20 The higher prevalence of previous miscarriages among HR mothers is also in line with previous studies. 20 In most of the cases, the mother's psychotic disorder had commenced after the birth of the offspring, and mothers with preexisting psychotic disorder had more obstetric complications than mothers who developed psychotic disorder after the birth of the offspring. This is consistent with the findings by Jablensky et al. 3 who also observed that the risk of obstetric complications was increased only when the mother had developed schizophrenia before the birth of the offspring, which may explain why we observed fewer differences between HR and control mothers than most previous studies.
Obstetric Complications Predicting Future Development of Mental Disorders
Three complications predicted future development of schizophrenia spectrum psychoses: placental abnormalities, infections, and hypertension during pregnancy.
Placental abnormalities were common: 75.0% of HR children who developed schizophrenia spectrum disorders, 42.2% of HR children with no mental disorder, and 48.3% of control offspring had some placental abnormality. The rating of placental abnormalities was based on 1 item in the obstetric records where the midwife ticked whether the placenta was normal, was incomplete, had calcifications, had infarctions, or was lobular. Such findings are common and nonspecific but might indicate that the placental function was not optimal. In this regard, the finding is consistent with previous studies linking hypoxia-associated complications with increased risk of schizophrenia. 1, 21 A recent study found a placental serotonin synthetic pathway that provides serotonin to the forebrain during the first and early second trimester, 22 suggesting that the placenta has a unique role in fetal brain development. Together, these results point out that the possible role of the placenta in the development of schizophrenia should be studied further.
Maternal infections during pregnancy that were coded in the obstetric records were mostly bacterial infections, such as urinary tract infections and pneumonia, with a few cases of viral infections like influenza. While much of the previous research on prenatal infections has focused on viral infections, 23 associations between schizophrenia and any bacterial infection, 24 upper urinary tract infection, 5 and respiratory infections 25 during pregnancy have been reported.
It has been suggested that prenatal infections increase risk through stimulation of the cytokine response, which would disrupt central nervous system development, 26 and this would explain why several infections seem to increase the risk of schizophrenia. Maternal cytokine levels have been measured from stored serum samples available in birth cohort studies, and elevated cytokine levels in mothers of offspring who developed schizophrenia have been observed from both second and third trimester samples. 27, 28 On the other hand, previous studies have usually found an association between first-or second-trimester exposure to infections and schizophrenia. 23, 26 Because infections occurring at varying time points during pregnancy seem to be associated with further development of schizophrenia, it might be that the timing of the infection might not be decisive, although animal studies have found that the effects of prenatal influenza infection on brain structure and animal behavior differ according to the timing of the infection. 29 Another mechanism that might explain the effect of infections is fever, which may also have teratogenic effects. 26 Interestingly, Fatemi et al. observed recently that when pregnant mice were infected with influenza virus, placentas from infected mice had morphological abnormalities. 30 This suggests that prenatal infections could also increase the risk of schizophrenia through inducing placental abnormalities. We examined whether placental abnormalities were more common in pregnancies that had involved prenatal infections and found that this was indeed the case: 60.3% of pregnancies with maternal infection had placental abnormalities, compared to 45.9% of pregnancies without infection (χ 2 = 4.58, P = .032). Among HR offspring who developed a schizophrenia spectrum psychosis, there were 7 with maternal infection and all of them had placental abnormalities, while the rate of placental abnormalities in HR offspring with schizophrenia spectrum psychosis without maternal infection was 66.7% (Fisher's exact test P = .14). Although this difference was not statistically significant, the findings overall suggest that the effect of infections might be at least partly mediated through their effects on the placenta.
Maternal hypertension during pregnancy increased the risk of schizophrenia spectrum disorders, while elevated BP on arrival at the delivery ward increased the risk of other mental disorders. Several previous studies have observed that preeclampsia increases the risk of schizophrenia, 1, 31, 32 but there are also negative findings. 33 Hypertension without other symptoms of preeclampsia is almost twice as common as preeclampsia, 34 but this variable has not been included in most previous studies. However, hypertension even in the absence of preeclampsia is associated with increased risk of eg, being born small for gestational age and of stillbirth. 35 One recent birth cohort study obtained similar results to ours: hypertension but not preeclampsia increased the risk of adult mental disorders, most notably the risk of anxiety and mood disorders. 36 Gestational hypertension and preeclampsia cause placental lesions, eg, fibrin deposits and knots, which are qualitatively similar although more severe in preeclampsia. 37 We examined whether placental abnormalities were more common in pregnancies of mothers with hypertension and found a trend towards this direction: in the total sample, 61.1% of pregnancies with maternal hypertension had placental abnormalities, compared to 46.7% of pregnancies without hypertension (χ 2 = 2.78, P = .095). In HR offspring with schizophrenia spectrum disorder, not only 80.0% of those with maternal hypertension but also 73.9% of those without maternal hypertension had placental abnormalities.
Some variables that in previous studies have consistently been associated with increased risk of schizophrenia were not replicated in our study. Birth weight under 2500 g has been associated with approximately a 1.7-fold increased risk of schizophrenia, 1, 14 while birth weight over 4000 g increased the risk of schizophrenia 1.7-fold in a Finnish schizophrenia family study. 12 Because only 10.7% of the HR group developed schizophrenia spectrum psychosis, we had limited statistical power to detect an association of this magnitude. Severe complications that have been repeatedly associated with schizophrenia include eg, placental abruption, emergency Caesarean section, asphyxia or neonatal distress and congenital abnormalities, 1 but because of their rarity, we lacked power to detect possible associations between them and schizophrenia spectrum psychosis risk.
Strengths and Limitations
The Helsinki HR study is one of the largest HR studies and has one of the longest follow-up times. We rediagnosed mothers and offspring according to DSM-IV criteria based on case-record data obtained both from in-and outpatient treatments. We also assessed the age of onset of symptoms based on case-record data, which was necessary for the survival analysis. Data in obstetric records were well structured and we extracted them carefully. Therefore, the information that was available in this study was much more detailed than in studies that have been based solely on register data. The cohort included all mothers who had been treated in mental hospitals in the Helsinki area before 1974 and had given birth in Helsinki between 1960 and 1964, with controls matched to cases by age, sex, and place of birth. The attrition in the sample was random and was related to difficulties in locating the obstetric records, not to refusal to participate in the study. However, the number of offspring who had developed schizophrenia spectrum disorder was still relatively small and we lacked statistical power to detect moderate-sized associations. Some complications could not be studied because they were not routinely diagnosed previously-eg, gestational diabetes became established as a separate diagnostic entity only in the 1960s. 38 We used the Finnish Hospital Discharge Register to select offspring who have been treated because of psychiatric disorder. The accuracy of data on psychiatric diagnoses in the Finnish Hospital Discharge Register is excellent 39 and the reliability of schizophrenia diagnosis is good. 9 However, we were not able to interview the study sample, which may have allowed for some hidden morbidity in the cohort, especially of less severe psychiatric disorders. Nevertheless, a recent Finnish survey of 8000 individuals found that registers were the most reliable method of screening and identifying psychotic disorders. 40 Not all HR mothers received a DSM-IV diagnosis of schizophrenia spectrum disorder, although the initial hospital discharge diagnosis had been a schizophrenia spectrum psychosis in all mothers. However, the variables predicting the future development of schizophrenia spectrum disorder in the HR offspring remained the same when the analysis was restricted to offspring of mothers with DSM-IV schizophrenia spectrum disorder.
Previous studies have used different rating scales to score the severity of obstetric complications. The choice of scale has been shown to influence the results. 41 After careful consideration we chose not to use any existing rating scale for scoring the complications, but to use the information available in obstetric records as such. The drawback of this approach was that we did multiple statistical comparisons with the risk of false-positive findings in the descriptive comparisons of the rates of individual complications between the HR and control groups, and within the HR group.
We lacked information on maternal behavior, such as smoking, during pregnancy. It is possible that some of the problems we observed, like placental abnormalities, were at least partly related to such factors. 2 Because of the low incidence of psychotic disorders in the control group, 8 we did not investigate whether obstetric complications predicted future development of schizophrenia spectrum psychoses in the control group and could not test gene-environment interactions.
Finally, although our results are consistent with previous research linking prenatal infections and hypertension/preeclampsia to increased schizophrenia risk, the HR children who develop schizophrenia may represent a special form of schizophrenia, because they all have high genetic risk. Thus, the findings of obstetric complications and their influence on psychiatric morbidity may not be generalizable to less familial forms of the disorder.
Conclusions
Common medical problems during pregnancy-infections and hypertension-and not labor-related factors were associated with increased risk of schizophrenia spectrum psychoses in the offspring of mothers with schizophrenia spectrum psychoses. Also placental abnormalities, which were common and mostly mild, increased the risk of schizophrenia spectrum psychoses. The complications that predicted future development of schizophrenia spectrum psychoses in the HR group were not more common in HR vs control mothers, suggesting that the finding was not explained by a gene-environment correlation. These results underline the role of the prenatal period in the development of schizophrenia spectrum disorders and the importance of careful monitoring of the pregnancies of mothers with psychotic disorders. 
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